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ABSRACT

A standard fmily of power sources is propose4 which vill xwinize the
nuber and variety of pover sources, prevent the flootnag of the suppy
systan vith hardware that only could be used in a singlit application and
provid, the user with a faill of poimr sources frm ftich he could selet
one suitable to meet the nee4s of his equipment.

This standard famil.y incorporates the use of standard output voltages
(6/l2/24 volts).. a standard connector vhich provides electric imtahne
ability and standard dimmnsions which provide physical Intfvagaity
The use of the standard fumily achieves a nw oacoept in tho d.-ploIzi-mt of
power sources. S o longer is a single pover source developed for each
equipment; rather, the selection of a battery is lbased on the mission
requirement, the user selecting the most satisfactory battery for tho
particular deployment of his equipment.

A list of power sources, including batteries, fuel caUa, thwmal
ener&7 generators, and power supplies being developed as part of t;
standard fmimily, is included in the report.
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STANDARD FAMILY OF POWER SOUR=

he etemdardization of power sources for military equipment in essen-
ti a l to aini 4ze the maber and variety of power sources, to prevent the
flooding of the supply systa with bardvmre that only could be used in a
single aplication aml to provide the user with a family of power sources
from whtic he could select one suitable to meet the needs of his equipment.

A progra for the standardization of portable power sources has been
established at UBAMUO which is spplicable and conon to all types of
batteries, fuel cels, generators and power supplies. This program gives
the user the flexibility of selecting the most, desirable power source for
hic needs, the ability to interchange power sources and incorpoi,-
advanced power source designs ithout any retrofitting of his equipment.
At the saw time, it el4Uinates the proliferation of power sources devel-
oped for sp efic uses and redtas the need for separate power source
development for each new equipment development.

The main features of the standard faily are:

(1) The use of standard oetput voltses (6, 12, 24 volts).

(2) The use of a st1_aa ir.pt/uatqy connector receptacle.

(3) The design of the standard family in selected physical
configuration or "bailding blocks."

(4) The interchangeability between power sources.

(5) The applicability of the design concept to all portable
power sources,

Standard Outt Voltae (6, 12, 24 Volts)

The heart of the standard family of power sources is the use of stan-
dard output voltages and the liting of these to only three different
voltages. The voltages selected were 6, 12 and 24 volts de (nominal) vitb
the 24 volt otput being preferred to obtain compatibility with vehicular
power sources.

Liiting the number of standard voltages has been found to cause ittle
or no hardship to the equipment engineer as he can control his design to
aceammeAte these voltages. It is a key element in the concept of stan-
dardization to control the variety of power sources and obtain multiple use
for each of the power sources in the family.



A sinffle six pin output receptacle in used on the powe sources in the
standar faily to attain caplate Int I - __ea 111 y and provide the
proper output voltage. S rvoceptacle Is shown an a battery in 71gae. 1.
Meu viring arnentto this eonctor is detailed in Figure 2. Al
batteries ae eameed in two sectom with two sets of leads br t up
to the eoeeto. sm, 12/24 volt batteries e wired as two 32 vwIt
sections. S eq~ mnt oonector is wired to eeries or peralle ths
sectim to provide 24 or 12 volt o p or to use a&* 12 wlt Mtion
as an -- -- it power soce. Similarly, the 6/12 vlt battery In wired
for 6 or 32 volts.

Aa lmortant sdvntage of this commeatm sywtm is the prevention of
vota e ztrntijg. It can be sem fram Fiure 2 that the equipment Is
protected If it is cometaed to a battery atI oper voltage. If, for
e le, an e9qdaut requirixg 6 volts is coneted to a six or 6/12 vot
battery, the equimt w i see 6 volts. ommer, if the 6 volt .oupmat
is e emoetd to a 32/2 volt bttwy otainim two 12 volt
sectiom, no voltap is spidted to the eipom ite = ham cmn be dom.
Ote same prtectlon applies fow4 241 volt equioent conater P1uning
into a 6 volt battery or &V other uiuintal"n.

oe attery recptaeU (described in USAUMCM Tbaniml al
aSL-6W)4 is available in twn vem; an Im ive plastic maded
rece!ptacle for priNM dispoable batteries (FiCr 3) and the pezumat
reewptaele used in storams batteries and other pow suplnes w_!ch e
used repetitively and have long ter use. Suitable male eomnectors and
cavstim cabls frw 6, 12 an 24, vlt eqdoeits are available. Details
of these devices also are described in e8c,-6ce.

Physical Ity

Te stad famly of power sources is doslgoad to provide Vbeyical
it a ility between poer souces and equipomt in order to achieve
fladbility and the maxium use of each power source. 2his is aecmisd
by using two bmse icV1 , in e a M" I ( p ) a
nI (ren-portable) and by building all stanard tinily pover sources in
the"e oniuaions. 12ie dsignaitions "Type V" sand "TMp II depict the
interface eross-section, or footprint dl oa of the pove s and
ma equlpm . '1& heigt of the power source is vied, d on
the vultage and (nmW rating ad the type of power sour imployed.

The advantqp of these set physical d ilesna in, that all equipm
designed to the stadArd interface will mate physically and electriely
with an appropriate meber of the standard f&aily of po"er sources. S,
the power aourcez moat suitable for a given miesion can be selected ratkmr
then one vhich vas uniqualy decigned for on)y a equipmet.

The Type I wipack dsip ban a footprint dimmtsion of 4" x 12" as
shown in the intewface control draving of Figure 4. View A-A shmm the
interfece dimensions of the battery of Tne I pover source and v B-B
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shos the underside of the equipment container. The power source and user
equipment wxe ated directly, eliminating the use of an interconnecting
Cable And providing a wtertgt seal at the interface when the user equip-
rent is placed on top of the povr source. An additionml advantage
acquired fres this matin proceue is the elimination of power losses by
an interconnecting cable.

2he Too I dosign, Vebich has a cross-section of 6-3/4" x 12", is
shown in Fipre 5 and is used In a sila manner as the Type I configura-
tion.

Figure 6 illustrates a hybrid ampack Type I power source and show
the flexibility of this apyprosch. e system consists of a secondary
battery on the botto, a silent fuel cell in the middle and a portable
radio on top. Oe hbrid eination of fuel cell and battery provides
the lightest weiagt system for moderate to long term cieration of the radio
set. For remote area patrol duty, Vbere only short torm operation is re-
quired anwd there weigtt Is a critical factor, the fuel cell can be elimi-
nated and the radio set can be operated directly from the battery, or other
suitable power source vithout reqing any electrical, mechanical or
physical modification or adjustment.

Several of the pow srces in the standard family, particularly the
larger fuel cls an t e e generators, do ot lend themselves to
Tpe I or Type n c iatons. Similarly, sme equipments cannot be
designed to these set diaesions. Althouth such equipments cunnot physi-
cally interface with the approprIate ',pow soure-s, they can be electri-
caiy copatible throuh se of the standard connector/receptacle and the
proper cable.

In addition, it is likely that future miniaturization of electronic
equipumnt will make it desirable to standardize on a configuration with a
=&le cross-section than Type I. his will be considered as soon as such

requirements materialize.

AJ0plcbility to all Types of Power Sources

Ideally, it would be desirable if a single battexy system or power
generator could handle all military requirements. However, as no one
saystem is superior in all respects for all types of applications, it is
necessary to utilize a mrber of different power amrces - each having
certain advantageous characteristics for a particular use. This is illus-
trated in Figure 7. The requirment of power level is plotted against
oprting time and the most effective portable power source for the
different types of use is shown in the matrix. It is seen that special
batteries are uved to best handle the short time require ents of fuzes
and missiles. Secondary batteries are best in applications up to about
oue (1) hour. Conventional primary batteries and metal-air batteries are
cmployed up to 20-50 hours and the thermoelectric generators and fuel
cells for long operating times.

.7



-it I

rip 1 ;j, I

II L

I ii. 
a 7A

LIo .



La.i

CD LD

a-



cI

Ie

*cm

10



The general practice in the past has been to provide one type of power
source for each equivAent. This has not only resulted in a proliferation
of power sources, but generally has resulted in a ccprcmse in eeting
All of the performance requraeis. With the standard family, there is
no lo4e & one-to-one relationship between power source and equipment.
Bather, ths user can select the power source that beat meets the particular
mission or use of the equipment and eally change the power source when the
mission is charged. This "mlssion-orientation" provides the user with the
best battery for his particular need and reduces the muber of typs as
each power source has a multiplicity of applications.

Standard faily power sources are being developed in the following
systems. A listing of some of the types befng developed and considered as
a possible amber of the standard family is given in Appendix A.

The standardization of the primary battery is illustrated with the
development of the magiesium dry cell batteries BA-4520, BA-52p, B-0484o
and the alkaline battery BA-3840. All batteries provide the 12/24 volt
selection through the standard 6 pin connector. The primary battery is
housed and structurally protected by the user equipment. (Figure 3)

Secondar Batteries

The standard family of secondary batteries are available in both Type
I and Type II configurations, in either 6, 6/12 or 12/24 volt ecabinati ns,
and in the nickel-cadmium and zinc-silver oxide electrochemical system.8
The nickel-cadmium systeam is noted for its reliable long-life performance;
the zinc-silver o!xde for Its hih energy density. The smaller size
batteries are available in sealed cell construction.

Reserve Batteries

The reserve batteries arwe specially designed batteries, which are
usually very active, high energy systems. 2hey are manufactured and stored
in a dry state, without water or electrolyte, as in this condition they can
have a long shelf life (once activated, their life is limited). Standard
family reserve batteries have been designed using the magnesium perchlorate
battery for low tmperkture use and the water-activated zinc-air battery,
for light weight, high energy density (100 watthours/lb) operation of
ccoaunication-electroic equipient .3

Figures 8 and 9 illustrate the Type I sagnesium perchlorate battery
with activator and water activated battery, respectivel7o

Metal-Air Batteries

The metal-air battery ie mechanically rechargeable; 4 it is recharged
by removing the discharged anodes, pouring water into the cells and
reinserting new zinc anodes (See Figure 10). Recharging time is leas than
10 minutes as opposed to hours for electrically rechargeable batteries.
The mechanically rechargeable battery is also noted for its high energy
density (80-100 watt 'om/lb).

~L1



7TI , ~.

go

12



13



14



Te metal-air battery has been standardized in Type I and Type II
configurations arA vith the standard receptacle in 6/12 or 12/24 volt~outts.

Fuel Ceols

The fuel cell is a new electrochemical system, nearing ocopletion of
development, with the potential of yieldig over 400 vatthours/pound.

g1e U illustrates the 60 watt-hydrazine fuel cell PP-6204 with a
hybrid storage battery in a 24 volt design which provides a source of
ener to start the fuel cell and handle peek pove' outputs. The 60 watt
fuel cell is designed In the Type I configuration; various size batteries
can befhosen for the hybrid dependift on the peak pcver and energy require-
ments. Larger, higher power fuel cellN using hydras ' or hydrocarbon
fuels, are being designed. These units will hive the standard output
receptacle.

Theoelectric Generator

The thezaelectric generator is the one silent power source now
available for forvard area fied use that is capable of using all types of
conventional liquid tydocwab fuels that are available in the field.
Figure 12 illustrates PP-6335, a 60 watt unit in the Type I configuration.
10 A, 20 A and 30 A units (24 V) are also being designed with the standard
output They can be used both as power sources or as battery

2L* and Power Eixpplis

Battery chargers ad AC-DC power supplies have been designed to charg
6 - 24 volt batteries ad to power equivaents requiring either 12 - 16, or
24 - 32 volts W. All battery chargers ant power supplies under development
requiring AC input voltages have been standardized to operate fr 212/230 V
wan 50/60/4W0 Hz. H igh current power supplies froma 25 A and above have
been designed to be vehicle and rack mounted. Lower current power supplies
are designed for vehicle mounting and for Type I or Type II configurations.
An example of a Type I AC-DC power supply is shown in Figure 13.

Inverter

Sixty an 400 Hz static sine wave inverters have also been designed
in the Type I and Type II standard configurations. The output characteris-
tics of these inverters are regulated to provide an output voltage of
120 V AC +1% at desired frequency +5%. The invader is designed to operate

from any of the batteries in the standard family.'

CONCLUSIONS

A standard family of power sources has been developed which offers the
user a wide choice of power sources so he can select one most suitable to
his mission. At the same time, this standard family by its use of a limited

15
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niuber of output volta"e, a standard connfector/rceptaa and otherfeatures enhancing if t"haasbilty, SiVgtificantl reuces the ni er ofpoVer sources required to support forward area applications, therebyGiNplifyig lo-stics and reducing cost and develpment lead time.

1. USAECO ATecnical Requirmeant SMI,-6028, "Connector, SpeciaPurpose, Secondary Battery, Waterproof, KOH Resistant, 6, 12 and 24 Volts,19 Yay 1967.

2 H. J. Settbre., "Standard Alkaline Cells and Secondary Batteries,Research and Development Technical Report scom-2949, march 1968.
3. N. T. Wilburn, "Lih;,veight, Disposable Water-Actvate Zinc-AirBAttery," Proc. 23rd Annual Po'e Sources conference, PP. 105-109, May 1969.
4. H. R. XKa, "Nem Designs for Zinc-Air Batteries," Research andDevelopment Technical Report =OC-3182, October 1969.
5. L. J. Rogers, "Hydrauine..i (60/240 Watt) Manpack Fuel Cell,"Proc. 23rd Annual Power Sources conference, pp. 1-4, May 1969.
6. J. p. Angelo, "Static, Silent, Thermoelectric Poer Sources,Proc. 23rd Amal Powe Sources Conference, PP. 165-168, May 1969.
7. W. L. Dudley, "Static Inverter for Lightweight, Silent DC-ACField Power Source," Research and De"jlent Teahdcl Report E=1-317,Septmber 1969.
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